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CHAPTER 3 
 
 
MATERIALS AND METHODS 
 
 
3.1 Overview 
 
 This chapter presents the development of catalyst using cement clinker and 
transesterification process catalysed by developed catalyst to produce biodiesel. The 
characterization method of cement clinker and FAME also were discussed in this 
chapter. The biodiesel from this work are also tested for compliance to American 
Society for Testing and Materials (ASTM) D 6751. 
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3.2 Research methodology layout 
 The experimental work was done according to experimental flow chart as shown 
in Figure 3.1. These experimental work were included the collection of waste cooking 
oil and the development of activated catalyst. 
 
 
 
 
3.3 Materials and Methods 
 Chemicals for catalyst development and biodiesel synthesis were purchased 
from chemical laboratory suppliers. The raw material for catalyst development, cement 
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Figure 3.1: Experimental flow chart. 
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clinker was collected from YTL-Pahang Cement (Malaysia) and feedstock used, waste 
cooking oil (WCO) was collected from local household. Chemical composition of 
cement clinker was characterized using XRF meanwhile free fatty acid (FFA) of WCO 
was determined according to ASTM. 
 
The following chemicals were used: 
a) methanol, sodium sulphate anhydrous, potassium hydroxide (KOH) pellets and 
Fuller’s earth from Merck Germany 
b) acetone analysis grade from Fisher Scientific US 
Standards of fatty acid methyl esters (methyl oleate 99%, methyl palmitate 99% and 
methyl linoleate 99%), and methanol gradient grade for liquid chromatography were 
supplied by Sigma Aldrich US. 
 
3.4 Preparation of catalyst 
 The preparation of catalyst from cement clinker (limestone based) with particle 
size of 250µm was prepared via wet impregnation method using aqueous solution of 
potassium hydroxide (KOH) in stirring process for 24 hours. The aqueous solution used 
is 10 wt.% solid (Ilgen & Akin, 2009). The catalyst dried in an oven at 105°C for 1 hour 
and calcined at 500°C or 700°C for 2,5, or 7 hours in muffle furnace Carbolite CWF 
1200 (UK) with an increasing temperature rate of 10 °C/min as mention in Table 3.1. 
Calcination process is thermal treatment that applied to the ores or solid materials to get 
thermal decomposition or phase transition. Calcination process to catalyst as reported 
by Vujicic et al. (2010) gave high yield of biodiesel conversion compared to normal 
catalyst because calcined catalyst has high surface area that provides more reactions to 
take place in transesterification. 
 
 
 
 
 
 
 
 
